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Some Retrospectives

AEnergy Advisory Committee 2008 Bot t | i ng EIl ect r |
biannual report- Benefits, Regulatory Barriers, Meeting the
mandates of the Energy Independence and Security Act (EISA) of
2007

ALkon > $1000kwH; only practical for regulation (so far)
AMuch discussion of PHEV:; little of EV

AUnderstanding of storage applications and potential benefits as we know
today

ARegulatory barriers: uncertainty, cost recovery for utilities, G vs T
confusion, valuation difficulties, lack d@dUor real time pricing



Recommendations from Bottling Energy
(partial list)

Alncreased funding in battery technology development V
ASmart Grid technologies and storage demonstration projeets
AStorage for Ancillary Services V
AT&D reliability improvement V

Almproved battery manufacturing techniques for PHEV & domestic
manufacturing capacity

AStudies of high renewable penetration and storage applications

Truism— change takes longer to get going than you imagine, but when it happens it happens a lot faster
than you expect




Four Points

AWhere We Are Today in Analytical and Planning Capabilities
ARegulatory and Policy Things to Think About
ARole of Energy Storagdlustrations

AConnect the Dots Impact of Climate Change and Electrification on
the Grid



Making Storage “Mainstream” in the T&D Space

AUtilities and Regulators must Achieve a Degree of Comfort with the
Engineering and Economics

A Difficult because the technology is evolving so rapidly

AEspecially difficult because widely used commercial planning tools do not
accommodate storage and decision making

A SCUG co-optimizing storage- models are supported but large numbers of storage
resources cause convergence problems

A Transmission planning software models tend not to capptimize or locate
A Distribution planning software multiple gaps- storage models, 8760 time series
analysis, optimization,
AGoal-storage is routinely considered for every capacity / reliability planning
problem with minimal extra effort



Regulatory / Policy Barriers

AFERC 755, 841, 2222 are removing barriers to storage in the
wholesale markets and to distributed storage in particular

AMany states have initiatives underway, some have target deployment
goals / mandates. DOE performing tutorials for utility commissions.

AFew states have performed serious analyskew much, where,
when, why? (CA has launched a study)

A Should accompany RPS and Electrification goals

AFew utilities have overall storage roadmagisow much, where,
when, why



CLIMATE CHANGE & RISK MANAGEMENT

Higher Ambient
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Higher Internal
Temperatures
= Faster Insulation
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Annealing, Etc.
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More Faster Degradation
= Loss of Life Expectancy
= Higher Failure Rates
=More/Faster Replacement

Elevated and Flatter Loa«
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What’s the Message?

AClimate Change Directly and Indirectly Impacts the Grid
Alncreased Peak and @eak Loads
AAdverse Impacts on Asset Life & PerformanespPower Transformers)
AMore Frequent / Severedll Emergency Loadings
U Need to DeRate Assets & Plan for Earlier Upgrades / Replacement

AElectrification Places Additional Demands on the Grid
Alncreased Off Peak Loads for Certaflattening of Profiles
Alncreased On Peak Loads in Some Cases
U Aggravates Impacts of Climate Change

AStorage Mitigates and Helps Manage these Effects



One Example

Loss of life Baseline- Transformer loses 500 hours of
500 life over one year due to peak load and N

s 1 expected events / loading.

s

2 150

~ 100

Loss of life With Electrification (mid range scenario) The

1800 R transformer loses 1800 hours of life.
1600 _pmm—— . . . ..
1400 If the daily profiles are flattened judiciously

w storage-loss of life is < 1000 hrs.

Loss of life (hours)

Clock hour



Impact on Operating Reliability

Because of the shape of typical failirege curves as a function
of age, the impact is greater on older equipment than newer.

The impact can be estimated more accurately bgateulating

the equi pment’ s expected failure
O
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T Lifetime Curve Lifetime
Q
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) of New Equipment Equipment
725 maybe be barely long in service
Ll noticeable. _ could be
% - e E significant.
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Bottom Line — Asset Life

AFailureswillOccutbut in “future” year s

ABut this does not mean “kick t

AReplacement transformers and new construction should size/rate the
transformers with this understanding

ATraditional trade off between ratings, size, and life expectancy is altered
dramatically.

ANew CostBenefit math linked to climate change and electrification is needed
A Consideration of storage for peak shavingspecially under N —is vital
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Site Density Dist‘ri‘bution Analysis. ™
Electrification of €jtyDistrict

Identify and Map
Commercial Facilities,
Parking Garages, Fleet
Depots, etc.

Develop projected
vehicle usage and
charging patterns

Map Residential
Commute Patterns,
Density, and Project EV
Adoption and Charging
Patterns

Project Substation
Loading Impacts and
Needed Capacity
Increases

Site Density Distl &gfPs A
— [tioni -

Predicted Residential and Commercial Loading per Substation,
2035
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It is Possible to Forecast the

Impact of Commercial &

Public Fleet Electrification

A Fleet Electrification is
Economically Viable in
Many Cases Today

A Depot Charging Loads aré
Significant-2-10 MW
Realistic

A Interconnection Costs &
Constraints a Big Hurdle
Today

Now is the Time to Begin
Forecasting and Planning
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Using Ride Share Trip Information to Understand Smart Charging and EV

Process 1 Process 2 Process 3
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Lessons Learned

A Time spent waiting to charge and charging is critical for ride share drivers
A Ride share trips peak at commute hours, lunch

A Hybrid EV are already very popular with Uber, Lyft drivers
A Pure EV-barrier is charger availability and charge time fast chargers critical

A Utility deployment of rapid chargers has multiple benefits
A Cooptimize grid interconnection costs and chargev penetration benefits
A Charger infrastructure support can precede charger deployment over time
A Tariff design can incorporate municipal / state goals for ride share electrification

A Benefits are interelated
A EV penetration> reduced emissions
ACharger availability reduces driver “search ti me
— Opportunity for ride share charger mobile app

A Utility deployed storage can reduce interconnection costs and support fast charging



Transmissiorg Grid Reliability
(1) Case Study

A Motivation
A Uncertain load development
A Long (costly) conventional lines
A Two Line overloads under 8lcontingencies

A Planning Considerations

A Peak Load Forecast

A Allowable grid operating limits, thermal and voltage

A Hourly load profile (not just a few snap shots)
— 8760 timeseries vs 4 snapshots

A Charging limits during consecutive daily peaks

A Battery lifecycle analysis

A Storage or Hybrid Solutions

A Solar+Storagesquires probabilistic analysis

New 69-kV line

A Case Study in MISO Region
A 69 kV network serving 25 MW load

A Thermal and voltage violations during
peak summer and winter

A Conventional solution:33M
A Battery: 2.5 MW/24 MWh, $12M

A Lifetime battery cost is 65% of
conventional solution

Siting & Sizing
Storage to Address
Grid Security
(Thermal or Voltage
Violations)



Distribution ¢ Regional Capacity Deferral

A Motivation A Case Study in Washington D.C.
A Significant load growth and high capital _ A 210 MVA substation is needed in 2023.
investment cost (construction of new substation _
$300M) A 15 MW/115 MWh-22 MW/214 MWh is needed

A Commission asked for investigating NWA for N-1 contingency relief

opportunities A 28 MW/216 MWh is need for reliability

A Underground network Load will Exceed Feeder enhancement of dist. feeders

Capacity A Deferral via storage not viable under any
A Planning Considerations scenario

A Feeder overloads usually occur afteflN
contingency

A Siting and sizing energy storage
A DER portfolio (Storage + PV + DR) also considered
A Investigation of stacked application is not desired




Distribution ¢ Renewable Integration

A Motivation A Case Study in upstate NY

A Voltage, flicker, and back feed issues arising from & Four 2 MW PV systems interconnected to radial feed

projected installation of large PV facilities in two _ . _ _ _
13.2 KV circuits A Construction of new circuit (~7miles) along with switc

A Commission asked for investigating NWA gear, breaker and relaying
opportunities A NWA: Distributed BESS (2,6,2hrs)

A Underground network A Considering BESS value stacking, NWA is a favorab

A Planning Considerations economic solution

A Congestion usually occurs afterINcontingency A Supported client with ratease filing

A Reliability of radial distribution feeders are w e 27
. - . _ . - m
deteriorating (running ~ full capacity in recent =
years)

A Siting and sizing energy storage
A DER portfolio (Storage + PV + DR)

SSSSSS




State of the art

A“Standard” planning tools today do NOT represent s
analysis

A Custom tools with time series analysis and optimization required

A Expect industry standard tools to evolve and model storage with fidelity over time as demand-giog/s a
transitional situation

A Distribution Planning and Incorporating Storage Requires Standardized Processes and Tools

A Pilot Programs as Or@ffs are Learning Experiences Buameoworks Methodologies, Tools, BCA all Need to be in
Place



Bottom Line

A Every State should Understand How Much Storage will be Needed / Desirable

A Why, Where, and When

A Utility Roadmaps for Storage for T & D Applications

A Climate Change Drives Electrification
A Climate Change Impacts Grid Assets — )

A Electrification Impacts Grid Assets

These Aspects are not Well Understood ot
Incorporated in T&D PlanningYet
But Major Investment Decisions Today hav

to Consider 480 Year Horizons!

A Meeting the Challenge of Climate Change will Require Grid Investments

A Storage is a Key Player in those Investment Plans

We are at the End of the Beginning Today
Still in the Early Adopter Phase
You can See the Adoption Coming




